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§17. Test and Improvement of a Millimeter 
Wave Interferometer for CHS 
Suzuki, C., Kawahata, K., Matsuoka, K. 
During the last fiscal year, a new single-channel mil-
limeter wave interferometer system had been prepared 
as a convenient tool for monitoring line-averaged elec-
tron densities in CHS plasmas. In this fiscal year, we 
found an error in directivity of the antenna in careful 
test procedure of this measurement system. The anten-
nas were replaced with new ones to solve this problem. 
The millimeter wave signal for probing is generated 
by a Gunn diode tuned to 140 GHz, and transmitted 
through the horizontal midplane of the CHS plasma. 
The other Gunn diode tuned to 139 GHz is used as a 
local oscillator for heterodyne detection of the 140 GHz 
signals. The resulting intermediate frequency signals of 
1 G Hz are finally downconverted to TTL signals of 1 
MHz which are fed to a digital fringe counter. 1) 
At the beginning, two horn antennas (length of 200 
mm and aperture size of 42 x 42 mm) for radiating and 
receiving signals were attached to the inboard and out-
board ports of the vacuum vessel. However, transmis-
sion of the millimeter wave power was much lower than 
that expected. To examine this phenomenon, charac-
teristics of the radiation patterns of the antennas was 
checked after removing them from the ports. 
As a result, the peak of the radiation power from the 
mouth of the antenna is not in front of the antenna, and 
largely deviated ( 5 em) horizontally from the front po-
sition. Therefore we have prepared new pair of smaller 
antennas (length of 90 mm and aperture size of 22 x 22 
mm) with larger divergence of the radiation pattern. In 
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Fig. 1. Horizontal distribution of the radiation power 
measured at 94.0 em from the mouth of the new an-
tenna. 
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spite of the larger divergence, radiation power received 
at the peak is larger than that of the old antennas, and 
peaked correctly at the front position (0 em) as shown 
in Fig. 1. We have replaced the horn antennas with new 
ones based on this result. In addition, we have prepared 
a fine adjustment system so as to control facing angle 
of horn antennas with bellows. As a result of this re-
placement, the distance between the mouths of the two 
antennas changed into 94.0 em. 
It is not until the above improvement of the system 
that we could routinely measure line-averaged electron 
densities of CHS plasmas. Since the probing beam prop-
agates through the plasma as an ordinary wave, cutoff 
density for the 140 GHz beam is 2.4x1014 cm- 3 . Chord 
length and line-averaged density needed for 1 fringe shift 
are 50.78 em and 2.1x10 12 cm-3 , respectively, for stan-
dard configuration of CHS (Rax= 92.1 em). Measured 
fringe shifts are converted into line-averaged electron 
densities by using this relation. 
An example of the measured temporal variation of 
line-averaged electron density is shown in Fig 2. This 
discharge was initiated by electron cyclotron heating 
and sustained by a couple of neutral beam injection of 
which duration is 100 ms. As shown, the build-up of 
the electron density occurred 3 ms after the injection 
of the ECH power. Electron density increased almost 
continuously during the constant gas puff. Though the 
increase in the electron density becomes moderate after 
the termination of the gas puff, the electron density 
finally approached 5 x 1013 em - 3 . 
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Fig. 2. Temporal variation of line-averaged electron 
density in a CHS plasma sustained by a couple of NBI. 
Durations of ECH, NBI, and gas puff are also indicated 
in the figure. 
